Objective -To determine whether there was excess ill health in people living near a coking works, and if so whether it was related to exposure to coking works' emissions. Design -Populations varying in proximity to the coking works were compared with control populations. Health data were correlated with available environmental data. Methods -Analysis of routinely collected mortality, cancer registration, and birth statistics; community survey using self completed postal questionnaires; retrospective analysis of general practice (GP) records; tests of respiratory function; and analysis of available environmental data. Main results -Study and control populations were comparable in terms of response rates, gender, and most socioeconomic indicators. For adults, age standardised mortality and cancer rates of the population closest to the coking works were comparable with those for the district as a whole. Gender ratios, birthweight, and stillbirth rates were comparable in the study and control populations. For several indicators of respiratory health including cough, sinus trouble, glue ear, and wheeze (but not for asthma and chronic bronchitis) there was a gradient of self reported ill health, with the highest prevalence in areas closest to the works. For example, sinus trouble was reported by 20% of adults and 13% of children in the area closest to the works compared with 13% and 6% respectively in the control area. GP consultations for respiratory disorders increased when pollution (measured by SO2 levels) was high: annual consultation rates per 1000 varied from 752 in the top group of daily pollution levels to 424 in the bottom group. Analysis of locally collected smoke and SO2 data indicated that SO2 concentrations were highest closest to the works and, after closure of the coking works, the number of days on which SO2 and smoke levels exceeded 100,ug/mi and 90,ug/m3n, respectively, fell steeply. Conclusion -Routinely available indicators failed to provide convincing evidence that the coking works had harmed health. Self report and GP consultations indicated that respiratory ill health in the people living close to the works was worse than expected. Some of the excess probably resulted from exposure to cok- 
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The size, population, geographical relation to the coking works, and the terminology for the areas is given in table 1. The boundaries of areas under study were defined either on the basis of distance from and perceptions about exposure to coking works emissions, or using a computer model of emissions of SO, from the coking works. Figures 1 and 2 show, for example, the location of the coking works, the two sets of boundaries used for the analyses of the mortality and cancer data, the control area, and standardised mortality ratios for "all causes" and for lung cancer by housing estate (see results).
The four prior hypotheses which guided the analysis and interpretation of the data were that the health effects, if any, of emissions from the coking works would be:
(1) Greatest for respiratory conditions; At three local authority sites (1 km north east, 1 5 km south east, and 0 75 km west of the coking works) 24 hour mean daily measures of SO2 and smoke had been made by the local authority over 56 months (1987-91) specifically to address concerns about the coking works. These data were used, in conjunction with meteorological data obtained from the Tables 4 and 5 show that the adult "all cause" and cause specific standardised ratios for mortality and cancer registration in the higher exposure areas (whether perceived or modelled) closest to the coking works were not significantly different from those of South Tyneside as a whole, and were generally lower than those in the surrounding, lower exposure areas. For men in the areas closest to the coking works, SMRs were comparable with the control area. Women in the control area had lower ratios than their counterparts living near the coking works and in South Tyneside as a whole, an observation which remains unexplained. Table 4 shows that children in the perceived higher exposure area had a 43 3% excess in mortality, and that in the modelled higher exposure area the excess was 75-2% (a statistically significant difference). The causes of death were, however, diverse and only one death was from cancer and one from respiratory disease.
BIRTH DATA
The male:female birth ratios in the perceived higher (1969 births), perceived lower (2066 births), and control (1713 births) areas were close to unity (1 04, 0-97, and 1 00 respectively). In addition, the proportions of babies with birthweights less than 2500 g were comparable in the three areas (8-0%, 6-3% and 7-5% respectively). Council's respiratory health questionnaire. Table 6 shows that for some, but not all, respiratory problems there were substantial differences between the inner, outer, and control areas, usually with a gradient with the highest prevalence in the inner area and the lowest in the control.
GENERAL PRACTICE MORBIDITY DATA
The comparison populations were comparable in gender and age. Forty eight per cent of the sample were male in the inner area compared with 52% in the outer area and 50% in the control area. The mean (SD) age of the subjects was 32 5 (23 7) years in the inner area compared with 37 0 (24 8) in the outer and 34-9 (21-9) in the control areas. Sex and age did not differ significantly between areas. Table 7 shows that for each air pollution level (measured by SO2) annual GP consultation rates for respiratory disorders were higher in the inner and outer areas than in the control area, whereas non-respiratory disease consultation rates were lower. The table also shows an association between the daily consultation rate for respiratory conditions and SO2 levels on the same day in the inner and outer areas.
The association was not seen in the control area and was independent of daily temperature.
This association between daily SO2 levels and respiratory consultation rates was not observed when data were aggregated over longer periods -for example, comparing 1986-90 with 1984-86, when the coking works was not in production because of the national miners' strike. Comparisons are by x2 for trend. * Grade 1 = Usually cough first thing in the morning in winter or during the day or night and on most days for three months per year. t Grade 2= Cough first thing in the morning in winter and during the day or night and on most days for three months per year. + Increased cough and phlegm for 3 months per year and more than one serious chest illness in past 3 years. § Increased cough and phlegm for 3 months per year and within the past three years, a period of cough or phlegm lasting 3 weeks or more.
** Grade 1 = Short of breath on walking and short of breath on hills. tt Grade 2 = As above and have to stop for breath on walking.
LUNG FUNCTION Table 8 shows that the FEV1, FVC, and PEFR of both boys and girls in the inner and outer areas were close to those predicted.
OBSERVATIONS ON ENVIRONMENTAL POLLUTION
Levels of SO2 and smoke Table 9 shows that SO2 levels measured around the coking works (three gauges) were higher than in South Shields in the OctoberMarch period before the closure of the coking works but lower in the same period after its closure. Smoke levels did not alter significantly around the coking works but rose in South Shields. SO2 levels rarely exceeded established EC guidelines (100-150 jg of SO2; )  21  39  752  2182  27  1022  2428  49  547  2806  2  51  102  713  2448  60  789  2368  136  479  3353  3  253  478  625  2361  288  594  2461  621  585  2942  4  271  590  560  2880  326  505  2723  635 
Modelling of pollution dispersion
The model is shown in figure 2 . The modelling confirmed that the highest concentrations of pollutants (as indicated by SO2), were close to the coking works, and that there was a rapid 17 We demonstrated an association between living close to a coking works and some aspects of respiratory ill health.
ARE THE FINDINGS EXPLAINED BY ARTEFACT?
We paid close attention to the following common problems which may cause artefact: (i) Multiple comparisons. In analysing routine mortality and cancer registration data we adjusted p values for multiple comparisons;
(ii) Inaccurate population data. We tested the robustness of our data using several estimates of the population, and by assessing whether disease excesses or deficits are specific or unspecific (the latter would be expected with an erroneous denominator); (iii) Biased self reports on health. We asked about health matters which would be unrelated to the exposure of interest (for example, arthritis, stomach trouble, and haemorrhoids), and on a wide range of conditions which might potentially be associated to the exposure, hence assessing the specificity of the associations. We also asked about respiratory health in several ways in the community questionnaire, and studied it at several levels of morbidity; (iv) Differences in use of or access to primary care services. We found that overall consultation rates were lower in the population living near the coking works; (v) Confounding variables. We compared our populations with regard to a wide range of demographic, social, economic, occupational, lifestyle, and environmental circumstances, adjusting for age and sex where appropriate; (vi) Lack of power. We used all the mortality, cancer, and birth data available with postcodes, and calculated sample sizes for the community survey to detect prevalence differences of 5%.
We believe that artefact does not fully explain our observations.
IS THE HEALTH OF PEOPLE LIVING NEAR THE COKING WORKS DIFFERENT FROM THAT IN COMPARABLE POPULATIONS?
The mortality and cancer experience of men and women living closest to the coking works was similar to that of the South Tyneside population, and for men, to that of the control area. The women in the control area had significantly low rates compared with South Tyneside women and, therefore, women in areas closest to the coking works. We cannot explain this latter observation. Overall, for adults, there was no clear evidence that mortality and cancer rates were greater than expected in the populations most exposed to coking works' emissions.
Mortality in children in the area closest to the works was higher than in South Tyneside and the control area. The excess of mortality was distributed across a range of causes. On balance, we consider it unlikely that this excess was attributable to exposure to works' emissions but we are re-examining the question with new data. Children in the areas close to the coking works had birthweights, stillbirth rates, and gender ratios comparable with control and South Tyneside populations. The lung function of children in the inner and outer areas was as predicted on the basis of physiological norms." Lung function was tested as the coking works closed, and shortly afterwards, so chronic effects only could have been detected.
The community survey, and analysis of general practice consultations, showed that in many respects the populations closest to the coking works had a similar health experience to that in the control area. However, for a number of problems, mainly of the upper respiratory tract, there were large differences. Hay fever, glue ear, cough, and wheeze stood out as problems with a high prevalence on self report. Notably, both asthma and bronchitis prevalence was not higher on self report. If prevalence differences had been caused by reporting bias resulting from Awareness of the hypotheses, then a self reported excess of these two conditions would have been seen, for these were problems identified by the community as being associated with the works. The prevalence of chronic bronchitis on self report was Three of our four prior hypotheses were upheld and the fourth partly upheld. The demonstrable health differences were, with the exception of childhood mortality, specific and mainly for selected respiratory problems; the gradients in prevalence of problems we predicted (inner > outer > control) were observed for most of the respiratory problems; and the greatest differentials in prevalence rates were in children. The hypothesis that respiratory health would improve during the periods of closure of the coking works, tested by comparisons of GP consultation rates over periods of several months' duration, was not upheld; however, we found that there was a clear relation between daily patterns of consultation for respiratory disorders and periods when daily air pollution was highest, as indicated by S02, a pollutant specifically associated with activity at the coking works. The epidemiological criteria for causality were fulfilled as follows: Timing The exposure preceded the effect. The stability of the populations makes it implausible that populations susceptible to some, but not all, respiratory problems selectively migrated into the neighbourhood of the coking works.
Strength of the association and dose-response The associations were moderate in strength, and an exposure-effect gradient was seen both in the community survey data and the air pollution (SO2) and GP consultations data.
Specificity
The effects agreed with prior predictions, and were most marked for upper respiratory problems. The fact that the excess was not seen in all respiratory problems, especially self reported chronic bronchitis and asthma, is particularly noteworthy as an argument against the possibility that the differences are simply a result of reporting bias. The main exception to the observation that differences were fairly specific was childhood mortality, which we are studying further.
Consistency
The methodological problems of measuring exposure to air pollution in a community setting make the collection of convincing evidence of cause and effect extremely difficult, and the evidence on the effect of industrial air pollution from point sources on human health is conflicting. The studies of Lloyd et al"4 are unusual in demonstrating effects on mortality, cancer, and gender ratios of industrial air pollution from steel and foundry plants. Elliot This work provides support for the view that health effects of environmental pollution may be subtle and not always be discernible from mortality data,25 provides a framework for an investigation focussing on morbidity, and emphasises further the need for a close dialogue between policy makers, researchers, and communities concerned about environmental health issues.'32627
